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As people live longer, aortic stenosis has become a severe 
cardiac health problem.1,2 The prevalence is 0.2% among 
adults (between 50 and 59 years) versus 9.8% in octoge-
narians.3 Fifty-six per cent of patients with aortic stenosis 
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Abstract
Background: Octogenarians with aortic stenosis are an increasing population of patients admitted for surgical aortic 
valve replacement (SAVR) or transcatheter aortic valve implantation (TAVI). Although adequate sleep is important after 
illness and surgery, it has scarcely been studied in the immediate postoperative phase.
Aims: To determine and compare the nature of self-reported sleep and insomnia, and recorded sleep–wake patterns in 
octogenarians during the in-hospital postoperative phase after SAVR or TAVI.
Methods: A prospective cohort design was used that included octogenarian patients undergoing SAVR or TAVI at a 
regional university hospital. Self-reports were used to document sleep and insomnia, and actigraphy was used to record 
sleep–wake patterns. Data were collected at baseline preoperatively, and then daily for the first five postoperative days.
Results: SAVR patients experienced the most insomnia on postoperative nights later in recovery, while TAVI patients 
experienced the most insomnia on postoperative nights early in recovery. The median total sleep time, as measured by 
actigraphy, was 6.4 h, and the median sleep efficiency was 79% for the five postoperative nights, but no differences were 
found between SAVR and TAVI patients on this parameter. All patients slept more during daytime than at night, with 
SAVR patients having significantly more total sleep hours for all five days than TAVI patients (p < 0.01).
Conclusion: Octogenarians with aortic stenosis had disturbed self-reported sleep, increased insomnia, and disturbed 
sleep–wake patterns postoperatively, resulting in more daytime sleep and inactivity. In patients undergoing SAVR or 
TAVI, sleep evolves differently during the in-hospital postoperative phase.
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in Europe are more than 70 years old.4 Without surgical 
treatment, these patients have a poor prognosis and 
decreased quality of life.2 Traditionally, aortic valves are 
replaced with surgical aortic valve replacements (SAVR).5 
As an increasing number of octogenarians are undergoing 
cardiac surgery,6 treatment modalities more suitable to 
older patients have been developed. For patients with 
severe comorbidities and advanced age, and thereby at a 
higher surgical risk, transcatheter aortic valve implantation 
(TAVI) provides an alternative treatment.7
Sleep is essential for health and well-being,8 and good 
sleep restores both psychological and physical energy,9 
which is important for recovery after surgery.9,10 Both short 
and long duration of sleep are risk factors for inflammation 
and development of chronic health conditions, such as car-
diovascular disease and diabetes. In addition to contributing 
to poor mood and decreased quality of life, disrupted sleep 
has also shown to increase mortality risk.8,11,12 Sleep pattern 
generally changes with age;13 older people often have prob-
lems initiating and maintaining sleep.14 Objective registra-
tions have shown that less efficient sleep commonly leads to 
increased daytime napping.14,15 Sleep problems in older 
people may also be a consequence of comorbidities due to 
symptoms such as pain and dyspnoea,16 and patients with 
heart failure are reported to have both subjective and objec-
tive sleep disturbance17,18 and insomnia.19 Patients having 
cardiac surgery often complain about poor sleep and experi-
ence sleep disturbances during the early postoperative 
phase, as well as after several weeks.9 Cardiopulmonary 
bypass circulation, thoracic drainage and sternotomy may 
all induce disturbances in mood and sleep.9 Octogenarians, 
with a high prevalence of preoperative sleep problems, con-
stitute a growing group in the cardiothoracic surgical 
ward.1,6 It is therefore important to consider that postopera-
tive sleep disturbances (e.g. increased number of awaken-
ings, decreased sleep at night, increased daytime napping) 
can affect mobilization and recovery. The majority of stud-
ies on sleep after cardiac surgery have been undertaken in 
patients undergoing coronary artery bypass grafting. Few 
studies have investigated sleep after SAVR.9 To the best of 
our knowledge, only one previous study has described sleep 
problems after TAVI.20 However, that study only gathered 
data from the first postoperative day, included less than 54 
patients and involved no objective sleep measurements.
The aims of this study were therefore to determine and 
compare the nature of self-reported sleep and insomnia, 
and recorded sleep–wake patterns, in octogenarians during 
the in-hospital postoperative phase after SAVR or TAVI.
Methods
Study design and setting
An observational, prospective cohort study design was 
used. This single-centre study took place in a 1400-bed 
university hospital within the only cardiothoracic surgical 
centre in western Norway.
Patients
Patients were included between February 2011 and August 
2013. Self-reported data were collected at baseline (the 
day before surgery) and daily for five postoperative days. 
We used an actigraph to continually record the patients’ 
activity data, starting immediately after surgery through 
the next five postoperative days. Inclusion criteria were 
age of 80+ years, having severe symptomatic aortic steno-
sis and had been accepted for SAVR or TAVI. Severe aor-
tic stenosis was defined as having an indexed aortic valve 
area <0.6 cm2/m2, a mean valve gradient > 40 mmHg, and 
a peak velocity >4.0 m/s.2 Additionally, to be included the 
patients had to be able to speak and understand Norwegian 
and to give written informed consent.
Of the 162 patients who were admitted for aortic valve 
replacement during the study period, 144 agreed to partici-
pate. One patient withdrew consent before surgery; thus, 
143 patients were included in the study. However, seven 
patients were either non-responsive due to sedation, or died 
within five days after surgery. As this is a sub-study of a 
larger study, power analysis was performed for the primary 
endpoint of the main study.21
Treatment procedure
As standard surgical premedication, patients undergoing 
SAVR received morphine scopolamine, and patients 
undergoing TAVI received oxazepam. SAVR was per-
formed under general anaesthesia as an open cardiac pro-
cedure through a midline sternotomy and with 
cardiopulmonary bypass circulation. TAVI was performed 
under general anaesthesia and as a percutaneous proce-
dure, using the femoral route or through the subclavian 
artery after cut-down. TAVI procedures took place in the 
cardiac catheterization laboratory. The mean length of stay 
at the hospital in patients undergoing TAVI was 8.8 days 
(SD 6.0) vs. 7.9 days (SD 4.7) after SAVR. One patient 
undergoing TAVI was discharged on the fourth postopera-
tive day.21 Mean time in critical care was 20.7 h for patients 
after SAVR and 12.9 h for patients after TAVI.
A standard protocol for administering analgesics after 
SAVR was followed, using individual dosage of morphine 
or ketobemidone (intravenous administration in the inten-
sive care unit (ICU) and subcutaneous in the ward) com-
bined with paracetamol until the second postoperative day. 
From the second postoperative day oral codeine was given 
as required. Routinely, the SAVR patients remained in the 
thoracic surgery ICU for the first postoperative night. 
Provided there were no complications, they spent the sec-
ond night at the step-down unit on the cardiothoracic sur-
gery ward in a four-bed room and thereafter transferred to 
a standard 2–4 bed room on the ward. Patients having 
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TAVI spent the first night in the cardiology observation 
unit in single rooms and, provided that no complications 
occurred, they were on the first postoperative day trans-
ferred to a standard 2–4 bed room on the cardiothoracic 
surgery ward.
Measures
Self-reported sleep was based on two items derived from 
the Uppsala Sleep Inventory, an instrument commonly used 
in sleep studies on older people.22 These were the number 
of hours of sleep per night, and how many hours the patient 
wished to sleep. The whole number of hours slept/needed, 
from four to 11, or the boundary values ‘3 or fewer hours’ 
and ‘more than 12 hours’.22 We also used the Minimal 
Insomnia Symptom Scale (MISS) to document sleep. The 
MISS is also a self-report tool that includes three items: 
difficulties initiating sleep, difficulties maintaining sleep, 
and difficulties with non-restorative sleep. Each item has 
five response categories, ranging from 0 to 4, with 0 indi-
cating no difficulties and 4 indicating major difficulties. A 
sum score of 0–3 indicates no insomnia, 4–6 subclinical 
insomnia, 7–9 moderate insomnia, and 10–12 severe 
insomnia. The original version of the MISS is valid and 
reliable and commonly used among older people.23 Both 
instruments were translated from Swedish to Norwegian 
according to international guidelines.24 The Norwegian 
versions have not been tested for psychometric properties.
An Actiwatch 2 actigraph (Respironics, Philips Health 
Care, Best, Netherlands) was used to record sleep–wake 
patterns. The device has piezoelectric sensors which when 
placed on the patient’s non-dominant wrist measures the 
intensity and frequency of body movement. Recordings 
are then analysed by appropriate software to identify sleep 
and wakefulness.25 Actigraphy is a valid and reliable tool 
and is reported to have close to 90% agreement with poly-
somnography,26 but is easier and less costly to use.27 
Actigraphy has previously been used successfully in car-
diothoracic care settings.9 A standard algorithm was used, 
except for nocturnal sleep time, the latter of which was 
defined as 23:00 to 07:00 hours. Actigraphy data for day-
time sleep on the day of surgery and on the fifth postopera-
tive day were excluded from analysis, because the 
actigraph was put on and taken off at irregular times. The 
variables we analysed from the actigraphy recordings 
included total sleep time at night, sleep efficiency, wake 
time at night, and sleep time during day (between 07:00 
and 23:00). The data were downloaded to a research com-
puter and analysed using the software Respironics 
Actiware version 5. The software produced an actogram 
showing individual sleep–wake patterns.
We used the Charlson Comorbidity Index to quantitate 
comorbidities. It is a measure of comorbidity in which each 
of 17 different medical conditions is assigned a weight 
depending on the risk of mortality from that specific 
condition. Those weights are summarized to produce a total 
Charlson Comorbidity Index score, in which a higher score 
indicates a higher burden of comorbidity.28
The European System for Cardiac Operative Risk 
Evaluation (logistic EuroSCORE), was used to calculate 
predicted operative mortality for the patients undergoing 
cardiac surgery.29
Data collection
All data were collected by five research assistants trained to 
use the measures in the study in order to increase the relia-
bility. They were nurses specialized in geriatric, cardiovas-
cular or intensive care, and aware of the postoperative care 
routines and treatment performed. The research assistant 
visited the patient daily at noon, from the first to the fifth 
postoperative day, in order to assist the patient to fill out the 
questionnaires and to avoid any misunderstandings.
The patient medical records were used to record socio-
demographic data and clinical variables at baseline, which 
are presented in Table 1.
Ethical considerations
The basis for conducting this study was the ethical princi-
ples in the Declaration of Helsinki.30 All patients provided 
informed written consent after they received oral and writ-
ten information about the study. The study was approved 
by the Regional Committee for Ethics in Medical Research 
(2010/2936-6).
Statistical analysis
Descriptive statistics with means, standard deviations, 
medians, quartiles, frequencies and percentages were used 
to characterize the data. For comparing continuous and 
ordinal variables between treatment groups, Welch’s t-test 
and the Mann–Whitney test were used, respectively. For 
comparing sleep differences between days and nights 
(within patients), the Friedman rank sum test was used. 
For analysing the three sleep questionnaire items, a longi-
tudinal linear model was fitted with an ARMA correlation 
structure, using generalized least squares. The ARMA 
parameters used were chosen based on the Akaike infor-
mation criterion (AIC) of the possible models. Data man-
agement and initial statistical analyses were done in IBM 
SPSS Statistics version 21 (IBM Corp., Armonk, NY), 
while R version 3.1.131 was used for the reported statistical 
analyses. All results with p-values < 0.05 were considered 
statistically significant.
Results
Socio-demographic and clinical variables are presented 
in Table 1. The two treatment groups were similar with 
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regard to sex, education and marital status. The TAVI 
patients were older, had a higher New York Heart 
Association (NYHA) functional class, higher scores 
regarding the Charlson comorbidity index and the logis-
tic EuroSCORE, and lower maximal gradient across the 
aortic valve.
Self-reported sleep and insomnia
At baseline the patients estimated their sleep need as 7 h. 
The self-reported nocturnal sleep was 6.8 h (median 6 h) at 
baseline for all patients during the postoperative phase. 
Patients reported most nocturnal sleep time and most 
estimated sleep need the first postoperative night, and 
both decreased during the postoperative phase, with 5 h 
the second to the fourth postoperative night (Table 2 and 
Figure 1). There were significant differences between the 
SAVR and TAVI patients for the first postoperative night, 
where SAVR patients reported much longer needed and 
actual sleep times than TAVI patients.
At baseline, 9% of the patients had self-reported insom-
nia (moderate-to-severe insomnia scores) which worsened 
to 31–34% postoperatively (Table 2); there were no differ-
ences between the SAVR and TAVI patients on this varia-
ble. Self-reported insomnia was lowest on the first 
postoperative night (in total 19%, with 9% for SAVR and 
27% for TAVI), but increased on the following nights. On 
the first postoperative night, the SAVR patients had less 
self-reported insomnia than the TAVI patients, although 
this also increased and varied during the postoperative 
phase. On the second postoperative night, the TAVI 
patients had the highest self-reported insomnia (37%), 
which decreased during the subsequent nights (Table 2).
The patients reported more difficulties in initiating 
sleep, difficulties maintaining sleep and more problems 
with non-restorative sleep during the postoperative phase 
compared with baseline. The only exception was the SAVR 
patients on the first postoperative night (Figure 2). The 
SAVR patients also had somewhat fewer difficulties main-
taining sleep than the TAVI patients for the last three 
Table 1. Baseline socio-demographic and clinical characteristics of octogenarian patients scheduled for SAVR or TAVI (N = 143).
Total SAVR TAVI p-valuea
Participants, N (%) 143 (100) 78 (55) 65 (45)  
Age, mean (SD) 83 (2.7) 82 (2.0) 85 (2.8) < 0.001
Sex, counts (%): 0.21
 Men 62 (43) 38 (49) 24 (37)  
 Women 81 (57) 40 (51) 41 (63)  
Education, counts (%): 0.76
 Primary school 99 (69) 52 (67) 47 (72)  
 Secondary school 30 (21) 18 (23) 12 (18)  
 College/university 14 (10) 8 (10) 6 (9)  
Marital status, counts (%): 0.27
 Married/cohabitation 77 (59) 46 (59) 31 (48)  
 Unmarried 4 (1) 1 (1) 3 (5)  
 Divorced 1 (1) 1 (1) 0 (0)  
 Widow/widower 61 (38) 30 (38) 31 (48)  
NYHA, counts (%): < 0.001
 I 2 (2) 2 (3) 0 (0)  
 II 46 (36) 35 (49) 11 (20)  
 III 74 (58) 35 (49) 39 (70)  
 IV 6 (5) 0 (0) 6 (11)  
 LVEF, counts (%): 0.07
 < 30 3 (2) 2 (3) 1 (2)  
 30–50 34 (24) 13 (17) 21 (32)  
 > 50 106 (74) 63 (81) 43 (66)  
Aorta insufficiency, mean (SD) 2.3 (2.2) 2.1 (2.3) 2.4 (2.2) 0.49
Aortic valve area, mean (SD) 0.4 (0.2) 0.4 (0.2) 0.4 (0.1) 0.23
Aortic valve gradient, mean gradient mmHg, mean (SD) 48 (17) 50 (17) 46 (16) 0.08
Aortic valve gradient, max gradient mmHg, mean (SD) 79 (25) 84 (25) 74 (24) 0.03
Logistic euroSCORE, mean (SD) 14 (9) 9 (4) 20 (11) < 0.001
Charlson Comorbidity Index, mean (SD) 2.1 (1.2) 1.8 (1.0) 2.5 (1.3) < 0.001
aPearson’s chi-square test, Fisher’s exact test, or Welch’s two-sample t-test, as appropriate.
LVEF: left ventricular ejection fraction; NYHA: New York Heart Association functional classification; SAVR: surgical aortic valve replacement; TAVI: 
transcatheter aortic valve implantation
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Table 2. Self-reported sleep and insomnia in octogenarian patients after SAVR or TAVI, at baseline, and on the first five 








Self-reported sleep, median hours 
At baseline  
 Estimated sleep need 7.0 7.5 7.0 0.87
 Total sleep night 6.8 6.8 6.8 0.75
1st PO night  
 Estimated sleep need 8.0 8.0 7.0 < 0.001
 Total sleep night 7.0 > 11 6.3 < 0.001
2nd PO night  
 Estimated sleep need 7.8 8.0 7.0 0.05
 Total sleep night 5.0 5.0 5.0 0.46
3rd PO night  
 Estimated sleep need 8.0 8.0 7.0 0.13
 Total sleep night 5.0 5.0 6.0 0.68
4th PO night  
 Estimated sleep need 7.0 7.3 7.0 0.07
 Total sleep night 5.0 5.0 5.8 0.75
5th PO night  
 Estimated sleep need 7.0 7.0 7.0 0.21
 Total sleep night 6.0 5.0 6.0 0.91
Insomnia, counts (%)  
At baseline 0.98
 No insomnia 94 (66) 52 (67) 42 (66)  
 Subclinical insomnia 35 (25) 18 (23) 17 (27)  
 Moderate insomnia 12 (8) 7 (9) 5 (8)  
 Severe insomnia  1 (1) 1 (1) 0 (0)  
 (Missing)  1 0 1  
1st PO night < 0.001
 No insomnia 63 (62) 35 (76) 28 (50)  
 Subclinical insomnia 20 (20) 7 (15) 13 (23)  
 Moderate insomnia 15 (15) 4 (9) 11 (20)  
 Severe insomnia  4 (4) 0 (0) 4 (7)  
 (Missing)  9 32 41  
2nd PO night 0.33
 No insomnia 41 (36) 25 (40) 16 (31)  
 Subclinical insomnia 35 (31) 18 (29) 17 (33)  
 Moderate insomnia 20 (18) 7 (11) 13 (25)  
 Severe insomnia 18 (16) 12 (19) 6 (12)  
 (Missing) 13 16 29  
3rd PO night 0.24
 No insomnia 49 (41) 24 (35) 25 (49)  
 Subclinical insomnia 32 (27) 19 (28) 13 (25)  
 Moderate insomnia 25 (21) 19 (28) 6 (12)  
 Severe insomnia 13 (11) 6 (9) 7 (14)  
 (Missing) 14 10 24  
4th PO night 0.08
 No insomnia 52 (43) 24 (38) 28 (50)  
 Subclinical insomnia 30 (25) 14 (22) 16 (29)  
 Moderate insomnia 23 (19) 17 (27) 6 (11)  
 Severe insomnia 15 (12) 9 (14) 6 (11)  
 (Missing)  9 14 23  
(Continued)
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Figure 1. Self-reported sleep and sleep need in octogenarian patients after SAVR or TAVI at baseline and on the first five 
postoperative nights (N = 143).
Some patients reported fractional number of hours. These are rounded down (e.g. 4.5 becomes 4) in this graph.
PO: postoperative; SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve implantation.
Figure 2. Difficulties initiating sleep, difficulties maintaining sleep, and non-restorative sleep in octogenarian patients after SAVR or 
TAVI at baseline and on the first five postoperative nights.
Estimated mean scores, with 95% CIs, based on a longitudinal model. The number of patients varied between the different nights and the three ques-
tions. At baseline: TAVI 64–65, SAVR 78; 1st PO night: TAVI 56, SAVR 46–48; 2nd PO night: TAVI 52, SAVR 63; 3rd PO night: TAVI 51, SAVR 68; 
4th PO night: TAVI 56, SAVR 65–66; 5th PO night: TAVI 54, SAVR 65–66.








5th PO night 0.09
 No insomnia 58 (49) 28 (43) 30 (56)  
 Subclinical insomnia 24 (20) 12 (18) 12 (22)  
 Moderate insomnia 19 (16) 15 (23) 4 (7)  
 Severe insomnia 18 (15) 10 (15) 8 (15)  
 (Missing) 11 13 24  
Values are presented as medians or counts (percentages). Total: the total sample of SAVR and TAVI patients. The number of patients varied 
between the different nights: 1st PO night: TAVI 50–54, SAVR 30–33; 2nd PO night: TAVI 47–51, SAVR 58–59; 3rd PO night: TAVI 49–50, SAVR 
61–66; 4th PO night: TAVI 52, SAVR 62; 5th PO night: TAVI 49–51, SAVR 63.
aAll p-values are based on Mann–Whitney tests on the original (non-categorized) values.
PO: postoperative; SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve implantation.
Table 2. (continued)
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postoperative nights. For both groups, there were few 
sleep differences from the second postoperative night and 
onward.
Sleep–wake pattern
Median total sleep time for all patients at night measured 
by actigraphy was 381 min, median sleep efficiency was 
79%, and median wake time at night was 43 min for the 
entire five postoperative nights. For all sleep and wake 
variables, there were significant differences between the 
postoperative nights (all p-values < 0.003). The shortest 
length of total sleep time and the lowest sleep efficiency 
was observed on the fifth postoperative night (Table 3).
Median sleep time during the day was 570 min for the 
first four postoperative days. The patients slept the most on 
the first postoperative day and the least on the fourth post-
operative day, with a significant difference between the 
days (p < 0.001). There were significant differences 
between the patient groups, with the SAVR patients sleep-
ing more than the TAVI patients for all the days (Table 3).
Discussion
To the best of our knowledge, this is the first study to sys-
tematically determine self-reported sleep and insomnia, 
with recorded sleep–wake patterns during the complete in-
hospital postoperative phase in patients after TAVI. 
Octogenarians undergoing SAVR or TAVI had disturbed 
self-reported sleep and increased insomnia during the 
postoperative phase compared with baseline. SAVR 
patients experienced most disturbed sleep during the late 
postoperative phase (i.e. second postoperative night and 
later). Actigraphy of sleep–wake patterns revealed that 
sleep was poor during all postoperative nights, and that the 
patients slept more during daytime compared with at night. 
SAVR patients had more disturbed sleep–wake patterns 
during the later postoperative phase, while the TAVI 
patients displayed more disturbed sleep–wake patterns on 
the first postoperative day.
The present results that quantified disrupted sleep with 
actigraphy and sleep self-reports correspond with those of 
previous reports on self-reported sleep after cardiac sur-
gery. These reports showed that sleep was severely 
Table 3. Objective sleep–wake patterns including total sleep time, wake time at night, and sleep time during day in octogenarian 
patients after SAVR or TAVI (n = 143).
Total (N=143) SAVR (n=78) TAVI (n=65) p-valuea
 Median Quartiles Median Quartiles Median Quartiles
Total sleep time – night, min  
1st PO night 401 325 438 416 320 442 385 332 432 0.42
2nd PO night 392 293 434 400 322 445 372 286 410 0.05
3rd PO night 376 292 419 359 264 410 380 307 423 0.45
4th PO night 383 298 421 382 298 420 384 293 421 0.95
5th PO night 370 327 422 356 326 421 396 328 424 0.48
Sleep efficiency, %  
1st PO night 84 68 91 86 67 92 80 69 90 0.45
2nd PO night 82 61 91 83 67 93 78 60 85 0.04
3rd PO night 78 60 87 75 55 86 80 64 88 0.44
4th PO night 80 62 88 80 62 88 80 61 88 0.95
5th PO night 77 68 88 74 68 87 82 68 88 0.38
Wake time – night, min  
1st PO night 30 17 55 27 17 48 40 21 72 0.03
2nd PO night 39 19 68 27 19 60 44 22 70 0.16
3rd PO night 46 30 78 52 32 83 44 29 75 0.29
4th PO night 41 24 72 42 20 66 40 27 72 0.63
5th PO night 46 26 71 46 26 75 40 27 66 0.96
Sleep time – day, min  
1st PO day 665 559 772 744 615 824 592 507 676 < 0.01
2nd PO day 561 452 684 574 513 754 514 394 650 0.001
3rd PO day 536 420 674 568 436 734 502 379 653 0.02
4th PO day 503 397 643 552 434 653 439 382 601 0.02
Total: the total sample of SAVR and TAVI patients.
a All p-values are based on Mann–Whitney tests. The number of patients varied between the different nights: 1st PO night: TAVI 54, SAVR 63–64; 
2nd PO night: TAVI 54, SAVR 63–64; 3rd PO night: TAVI 54, SAVR 62–64; 4th PO night: TAVI 53, SAVR 60–61; 5th PO night: TAVI 45–51, SAVR 
58–60.
PO: postoperative; SAVR: surgical aortic valve replacement; TAVI: transcatheter aortic valve implantation.
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disturbed and insomnia increased.9 However, the patients 
of previous studies experienced the most severe insomnia 
during the first postoperative night.9,20 This is in contrast to 
the present study, which found that octogenarian patients 
had few self-reported sleep disturbances and obtained the 
lowest insomnia scores on the first postoperative night 
(Table 2). This finding should be considered in light of a 
study by Bihari et al.,32 where older ICU patients slept bet-
ter than younger patients.
In the present study, the amount of self-reported sleep 
was highest for the first postoperative night, particularly 
for the SAVR patients. We believe that octogenarians 
likely felt more comfortable and less anxious with more 
available nursing staff, as in the ICU, but were more anx-
ious with fewer staff present, as was the case on the surgi-
cal ward.32 The impact of the duration of treatment is also 
important as the longer the treatment time in the operation 
room, the more the patient will be affected by sleep disor-
ders.33,34 Furthermore, the analgesics used during the post-
operative phase is an important factor as octogenarians are 
usually more sedated than younger patients.32,35
Disturbed sleep after surgery is, in general, related to 
surgical trauma, in which the duration of each step of the 
surgery is important.34 Particularly, cardiopulmonary 
bypass circulation is assumed to be an influential factor on 
sleep quality.9 However, our results do not support this as 
TAVI patients reported the most disturbed sleep and 
insomnia during the early postoperative phase, while 
SAVR patients experienced a higher degree of sleep distur-
bances and most insomnia in the late postoperative phase 
(Figure 2). Analgesic use is a factor that affects sleep 
architecture.36 This might explain why the SAVR patients, 
who received opioids on the first two postoperative nights, 
reported more sleep during the early postoperative phase 
than the TAVI patients.35 Pain is reported to have an impact 
on postoperative sleep,9,16 and as the analgesics were 
reduced for the SAVR patients during the postoperative 
phase, their sleep quality was negatively affected.
Wake time at night, as measured by actigraphy, was neg-
atively affected during the first night and varied during the 
postoperative phase (Table 3). These results are comparable 
to those of previous post-cardiac surgery studies.9 Poor 
sleep is defined as a sleep efficiency of <85%.26 The octoge-
narians in this study had a median sleep efficiency of 79% 
for the postoperative phase. In previous post-cardiac surgery 
studies, sleep efficiency varied between 58% and 68%.9 In 
contrast to previous data on decreased sleep in the ICU,9,11,37 
data obtained in the present study revealed that the octoge-
narians had better scores for all sleep–wake variables 
assessed on the first postoperative night than for the rest of 
the postoperative phase. This indicates that they experi-
enced better sleep in the ICU than in the cardiothoracic sur-
gical ward. However, this should be viewed in the context of 
the effects of surgical anaesthesia.38 On the first postopera-
tive night, the patients were still sedated after anaesthesia, 
which might have affected their sleep.33,34 Since the patients 
were sedated and moving less the first night, the actigraph 
may have registered this falsely as sleep. One disadvantage 
with actigraphy is that it may overestimate total sleep time 
and underestimate wake time among patients with frag-
mented sleep and when patients lie relatively motionless in 
bed.39 Especially old patients and patients with hypoactive 
delirium may lie still at night.32,37 The incidence of postop-
erative delirium was high in this group of patients.21
An important finding in this study was the amount of 
total sleep time, and that the octogenarians slept the most 
during daytime. Daytime sleep has been associated with 
little or no restorative sleep,39 and less functional recov-
ery.37 However, reduced sleep at night can result in low 
energy during daytime;40 therefore, it has been assumed 
that it is important to let patients sleep during the day.9 
Sleep disturbances at night may negatively affect the pos-
sibility for getting deep, restorative sleep.9,11 Disrupting 
factors for this type of sleep might be the hospital environ-
ment in general,37 with noise and light being especially 
disruptive,41 as well as interventions from health-care per-
sonnel.32 It is also well known that many older people take 
a daytime nap.27 Nevertheless, this does not explain the 
length of sleep time during the day in the present study, in 
which the patients slept more during the day than at night. 
This result differs from results of previous post-cardiac 
surgery studies, in which patients slept 1.7–4.4 h, up to 
50% of the total sleep time, during the day, but not more 
than during the night.9,11 In comparison, stroke patients 
slept for 1.4 h,39 and in post-acute rehabilitation, older 
patients slept 2.1 h a day.40 Patients with severe aortic ste-
nosis may suffer from different symptoms (e.g. dyspnoea 
and nocturia due to heart failure, chest pain and vertigo) 
prior to surgery. This can cause secondary insomnia and a 
disturbed sleep–wake pattern (e.g. increased daytime nap-
ping).16,19 TAVI patients had the most disturbed sleep–
wake pattern throughout the postoperative phase, while 
SAVR patients slept most both during day and night. 
Medical devices, including thoracic drainage and central 
and peripheral vascular lines may prevent SAVR patients 
from moving during the first postoperative nights. This 
may contribute even more as a sleep-disrupting factor after 
the level of sedation and analgesics has been lowered. This 
points to the possibility that for octogenarians, TAVI is less 
discomforting than SAVR during the early postoperative 
phase. However, it is possible that the patients’ sleep would 
improve by going home earlier.42 Although, to our knowl-
edge, no studies have yet been published on this issue.
Limitations
A limitation of the present study is that we did not record 
whether the patients slept in a shared room, and thereby 
that sleep potentially was disturbed by other patients. To 
reduce burden to the patients, we tried to include as few 
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questionnaire items as possible; therefore we used two 
items drawn from the Uppsala Sleep Inventory to meas-
ure self-reported sleep, an instrument commonly used in 
the elderly. Actigraphy has been found to be reliable and 
valid in comparable studies.9 However, as noted, it can 
overestimate total sleep time and underestimate wake 
time. Polysomnography including electroencephalogram 
would have documented sleep–wake patterns more pre-
cisely, but it is a more resource-demanding measurement 
that can be difficult to use in an intensive care setting, 
especially for elderly patients. Another limitation is that 
baseline data of pre-hospital sleep patterns was only 
obtained by subjective data, as compared with postopera-
tive data, which included both subjective and objective 
measurements.
Conclusion
The octogenarians undergoing SAVR or TAVI reported 
sleep disturbances with more sleep time during day than at 
night, but SAVR patients slept more overall than TAVI 
patients. However, the treatment modalities displayed a 
different pattern throughout the postoperative phase, as 
SAVR patients slept more in the early phase while TAVI 
patients slept more in the later phase.
Implications for practice
•• Both patients after transcatheter aortic valve 
implantation and patients after surgical aortic 
valve replacement have documented sleep dis-
turbance following treatment, and treatment of 
insomnia is a challenge in the early postoperative 
phase.
•• Organizing interventions to improve sleep (e.g. 
focusing on sleep hygiene; with light, noise, 
temperature, analgesics, availability of nurses 
and sleeping routines) in order to reduce the time 
to recovery and length of hospital stay is of 
importance.
•• Nurses should encourage daytime mobilization, 
and provide information on the negative effect of 
immobility and too much daytime napping.
•• The study carries important messages for clinical 
care related to sleep and postoperative mobility, 
since octogenarians are vulnerable and will need 
more care than younger patients.
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